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ASHRAE Standard 62.2P is being proposed to address residentid ventilation issues. As
housng, especidly new housng, gets more airtight and better insulated, it has become
clear that many homes are under-ventilated. The Standard contains requirements that
provide minimum ventilation rates and source control measures necessary for acceptable
indoor air qudity. This paper uses previoudy reported andyticd techniques to compare
the energy cods of various ventilation drategies for a wide vaiety of dimaes and
housng types. For new congruction, we conclude that mechanica ventilation is needed.

In new houses with gas hesting, the chegpest whole-house system is a centrd exhaugt fan.

The margind energy costs to provide such ventilation are on the order of 50¢ per day.
However, other sysems can be more appropriste when depressurization, filtration,
moisture, and more expendve hedting fuds are consdered. For most of the existing
housing stock, we conclude that infiltration provides adequate ventilation.

" Thiswork was supported by the Assistant Secretary for Energy Efficiency and Renewable Energy,
Building Technology, State and Community Systems, of the U.S. Department of Energy under contract no.
DE-ACO03-76SF00098.
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INTRODUCTION

When sdecting a whole-house ventilation dStrategy, one must consder the associated
energy costs. These cods are important, because ventilation-related energy consumption
may account for about a third to a haf of the space conditioning energy load in houses
(Liddament 1996). Applied to single family houses, we edtimate this fraction represents
about 1.6 to 2.4 quads (1.7 to 2.5 EJ) in the US each year, with associated operating costs
of $14 to 22 hillion. This energy is about 19 to 28% of the estimated 8.46 quads (8.9 EJ)
consumed eech year by sngle family houses in the US resdentid building sector (EIA
1999a). A good whole-house vertilation drategy will minimize this energy consumption
and associated cogts, while dill providing effective ventilation.

Assessng energy consumption and costs associated with ventilation for a particular
house appears to be a complex issue that depends on climate, house and equipment
characterigtics, occupant loading and behavior, and energy prices.  Without guidance, it is
difficult to determine which ventilation Strategy to use.

ASHRAE Standards 62 (1999) and 62.2P (1999) both offer guidance on minimum
ventilation rates for houses. Standard 62.2P dso offers three cursory examples on related
energy issues in its Appendix E. Beyond these examples there is little guidance
avalable to assgt system sdection and none in the form of measured data that corrdate
ventilation, energy consumption, and cost. Two recent studies (Sherman and Matson
1997, Matson and Feustd 1998) have used amplified modeling in lieu of these data to
examine the energy and cogt impacts of complying with the whole-house ventilation
requirements in ASHRAE Standard 62 (1989). However, those sudies are now out-
dated, because Standard 62.2P contains more elaborate requirements, such as mandatory
mechanical ventilation and rates that depend on conditioned floor area and occupancy.

The primary god of this paper is to estimate and compare the energy cost impacts of
some standard approaches for some representative cases that meet the requirements of the
public review draft of ASHRAE Standard 62.2, using the previoudy reported techniques.
A secondary god is to examine the role that infiltration could play in providing adequate
ventilaion.

This study does not address issues such as outdoor ar qudity, specific indoor
contaminant concertrations, spatid ventilation  effectiveness,  time-varying  occupancy
and polluant sources, combustion ar requirements, house pressurizetion and
depressurization limits, equipment-generated noise, and therma comfort.  These issues
are better dealt with on a house-by-house basis usng alicensed design professond.

BACKGROUND
The Need for a Residential Ventilation Standard

Apat from energy issues ventilaion is important, because it affects resdentid ar
qudity, which in turn affects hedth, comfort, and building servicegbility. Higdoricdly, a
mixture of infiltration from lesky enveopes and occupant-controlled openings (i.e,
windows) ventilated our homes. Until the energy criss of the 1970s, many people
thought this ventilation was aufficient without regulatory intervention, and there was less
concern about the resdentia indoor environment.



Today, the Environmenta Protection Agency lists poor indoor ar qudity as the
fourth largest environmenta threat to our country (EPA 1999). This increased awareness
of the indoor environment is due to severad quditaive changes in our homes. One
change is that new houses ae more energy efficient due to improved congruction
methods, such as reduced ar leskage, increased insulation levels and more efficient
HVAC equipment. However, there are concerns about higher moisture levels, which
could cause increases in diseases like ashma  Asthma is of concern, because it is the
leading serious chronic illness of children in the U.S. (ALA1999). Increased indoor
moisiure levels are adso of concern, because moisture-related construction defects and
damage have been found in new houses (Clams 1999). A second change is that
gppliances, home offices, and manufactured products have increased the kind and amount
of indoor emissons. According to the American Lung Associdion, these eements
within our homes are increasingly being recognized as threats to our respiraory hedlth.
A third change is that urbanization has increased housing dendty and reduced building
separation in some areas, while sub-urbanization has moved new congruction to aress in
which the house is exposed to a more rurd mixture of ar pollution. As a result, people
today expect their house to isolate them from its surroundings. Due to these changes,
proper ventilation is even more necessaty now and mechanicd sysems may be ingdled
in atempts to meet this need. In addition, increased public avareness has led to defining
levels of acceptability and performance has replaced the past minima concern about the
indoor environment.

Minimum requirements for resdentid ventilation can improve many of these indoor
ar qudity problems. Severd public and private ingitutions have interests in indoor air
quaity, but little experience in devdoping ventilation requirements.  In  contrad,
ASHRAE, as the professond society with ventilation as part of its misson for over 100
years, dready has experience developing ventilation requirements focused on commercid
and inditutiona buildings.  Therefore, it was the logicd place to develop a new
consensus document focused on resdentid ventilation. That Standard (62.2 P) is now
ready for itsfirst public review.

Current Residential Ventilation Requirements. Standard 62-1999

For resdentia issues, ASHRAE Standard 62-1999 is subgtantively identicd to its
1989 precursor. Table 2.3 in Standard 62-1999 specifies that the whole-house ventilation
rates should be the higher vaue of 0.35 ach and 15 cfm per person. These rates are
determined using the volume of the conditioned living spaces and on the occupancy of
those spaces.  Occupancy is estimated using occupant loading assumptions related to the
number of bedrooms (occupancy = number of bedrooms +1) or is based on a higher
loading if it is known.

Standard 62-1999 dlows combined infiltration and natura ventilation (e.g. operable
windows) to meet its whole-house requirements. According to Section 5.1 of this
Standard, whole-house mechanica ventilation is not required, except when the combined
infiltration and naturad ventilation are insufficient.  In this Standard, there are dso
requirements for locd ventilation of kitchen, bath, and toilet areas. Such ventilation must
be provided ether by the inddlaion of minimum amounts of mechanica ventilaion or
by operable windows. However, this Standard offers no red guidance to determine when
whole-house or loca mechanicd ventilation is necessary.  Therefore, its resdentid



requirements can be interpreted as being quite onerous or meaning virtudly nothing,
depending on who is interpreting the standard.

Proposed Residential Ventilation Requirements. Standard 62.2P

The verson of ASHRAE Standard 62.2P that will be used as the basis of this paper is
the one that was approved for public review by ASHRAE in September and October
1999. It has some dgnificant differences from the verson described earlier by Sherman
(1999).

Overview

Standard 62.2P is an atempt to provide acceptable indoor air qudity in low-rise
dwdlings and to sst minimum codeintended requirements that will dlow energy
efficiency measures to be evauated (Sherman 1999). The main body of this Standard has
minimum  requirements for whole-house ventilation rates, as well as for the contradl,
operdion, and didribution of such ventilation. The Standard dso has requirements for
minimum loca ventilation rates, and for their control and operation.

Other requirements in the main body of Standard 62.2P specify direct outdoor ar
intake, ar inlet placement, minimum sSzes for operable naiurd ventilation openings, air
ceaning and filtration performance, isolation of the dwelling unit from other spaces such
as gaages, and the need to evduate combustion agppliance venting. The Standard
requires that ar moving equipment adhere to manufecturers inddlation specifications
and that it mest maximum sound ratings. It dso specifies minimum duct diameters and
maximum duct lengths that can be used without system performance tests and specifies
acceptable configurations for multi-branch exhaugst fan and duct systems to prevent cross-
contamination.  In addition to the requirements in the man body of the Standard, its
Appendices provide user guidance on issues such as operation and maintenance
documentation; air filter selection; pollution sources, exposure, and control; and HVAC
system design issues related to ventilation.

To meet the whole-house and locad requirements, the Standard requires that
mechanical ventilation be used. It permits dternatives to mechanica ventilation (eg.
trickle-ventilators, passive stacks, and operable windows), but only when approved by a
licensed design professond. The following describes in more detal the requirements for
whole-house ventilation rates and mechanica ventilation systems.

Whole-House V entilation Rate Requirements

The minimum whole-house total ventilation rae (Quote22) thet is required each hour
by Standard 62.2P is 15 cfm per person plus 2 cfm per 100 ft? of conditioned floor area.
Thee flows ae combined infiltration and supplementa mechanicd  ventilaion.
Occupancy is determined in the same manner as in Standard 62-1999 (occupancy =
number of bedrooms + 1).

Figure 1 shows how this total ventilation rate depends on the number of bedrooms
and house sze. For larger houses, the Standard 62.2P tota rate is up to 0.15 ach lower
than the Standard 62-1999 vaue, but it is up to 0.15 ach greater for small houses.




Figure 1. Minimum Whole-House Total Ventilation Rates
Required by ASHRAE Standard 62.2P
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Infiltration

Standard 62.2P assumes irfiltration is 1 ofm per 100 ft? of conditioned floor area
This infiltration credit Qcredit) IS based on weather for a presumed critica week and on a
very artight building enveope (normdized leskage of 0.125 (dimensonless), normdized
based on foor area and building height). The critical week occurs when the weether is
extreme enough that occupants no longer open their windows for the remainder of the
season, which may vay from dimae to dimae  Although actud infiltration is
dependent on cdimate and normdized leskage, the magnitude of the credit remans
independent of these parameters.

In fact, infiltration may be quite different from this assumption, especidly for the
housng stock as a whole. The Standard takes the conservative position that only a smdl,
fixed infiltration credit is approprigte to avoid "gaming' or providing the counter-
productive incentive to poke holes in a tight building envelope.  Unfortunately, this
gpproach has the negative impact that a whole-house mechanicad ysem must be ingaled
in older leaky houses, which results in extra costs and energy consumption.

We beieve that these extra costs can be avoided by consdering actud infiltration.
Therefore, dl our andyses include it. In particular, a "no-fan" case is induded in which
vertilation is provided by actud infiltration and intermittent local mechanicd ventilation,
but not by whole-house mechanicd ventilation.



Whole-House Mechanicd Ventilation Rate

Although our energy and cost andyses condder actual infiltration, the szing of the
whole-house mechanicd ventilation sysems is based on the presumed infiltration credit
in Sandard 62.2P. The minimum whole-house mechanical ventilation rae (Qran) that is
required each hour by this Standard is smply the total requirement (Qiot622) Minus the
infiltration credit (Quedit). Therefore, it is 15 cfm per person plus 1 cfm per 100 ft? of
conditioned floor area.

Figure 2 shows how this mechanical ventilation rate varies with occupancy and house
gze. Typicdly, this“fan sze” isexpected to be 60 to 100 cfm (Sherman 1999).

Figure 2. Minimum Whole-House M echanical Ventilation Rates
Required by ASHRAE Standard 62.2P
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Whole-House Mechanica Ventilation Sysem Requirements

Standard 62.2P dlows mechanicd ventilation sysems to operate continuoudy or
intermittently to provide whole-house ventilation. Such sysems must have one or more
supply or exhaust fans, and include associated ducts and override controls. To provide
the same dffective ventilation rate in each hour, systems that operate intermittently must
supply more air than continuoudy operating sysems. The Standard requires that such
systems operate automatically and for at least one hour out of every twelve. The concept
of effective ventilation, which represents the proper temporad ventilation averaging
process is described by Sherman and Wilson (1986) and by Y uill (1986, 1991).

Supply and exhaust flows do not have to be equa (baanced). However, Section 4.5
of Standard 62.2P prohibits unbaanced systems that depressurize the house to any extent
in humid dimates if the indoor ar can be mechanicdly cooled. Smilaly, it prohibits
unbalanced systems that pressurize the house to any extent in cold climaes. These
prohibitions are waived if the building envelope incorporates a moisture-resstant design.




MODELING APPROACH

To determine annud energy consumption and annudized cods associated with
providing the minimum whole-house ventilation required by Standard 62.2P, we
examined 3,168 combinations of three house floor aess, two house heights, two
occupancies, three leskage areas, and four ventilation drategies in 22 climates
representative of U.S. detached single-family housing. Subsequent sections of this paper
describe these parametersin more detall.

For each combination, we used a modified verson of the RESVENT computer
program developed by Sherman and Matson (1993, 1997) to cdculate the hour-by-hour
infiltration rates and actua and effective ventilation rates over an entire year. As in our
earlier work (Sherman and Matson 1997), the effective ventilation gpproach embodied in
ASHRAE Standard 136 (1993) was used to assess dynamic effects on pollutant
concentration caused by time-varying ventilaion for typicad westher conditions.  For
each samulation, RESVENT, DOE-2.1E, and ASHRAE Standard 152P (1999) were used
to determine the space conditioning system cepacities and to characterize part-load
theema peformance. RESVENT then cdculated the hourly ventilationrelaed energy
loads on the centrd HVAC system, based on the actud hourly ventilation rates. At the
end of each smulation, RESVENT caculated the annual energy consumption and costs
associaed with this ventilation.  Appendix A summarizes the RESVENT cdculations.
Data generated by these smulations were then used to assess when to use particular
drategies.

HOUSE CHARACTERISTICS

The 36 houses consdered in this study were based on prototype dab-on-grade gas
heated houses developed by Brown et a. (1998a, 1998b) to characterize common
building practices for new production houses in 12 U.S. cities. Three different floor areas
for one- and two-story houses were used (1000, 2000, and 4000 ft?). These areas and
house heights were sdected to represent a range of typica house szes in the United
States.

Two occupancies were used for each floor area two or four occupants for 1000 ft?
(one or three bedrooms), three or five occupants for 2000 ft? (two or four bedrooms), and
three or six occupants for 4000 ft (two or five bedrooms).

Sherman and Matson (1997) have used measured building envelope leakage aress to
determine a representative range of normalized leskage areas (NL) for U.S. housng. For
this study, two normdized leskage areas were selected from that range of data: 0.3 and
12. The firg vadue (NLpew) represents new congruction practices, while the latter
(NLgock) represents an average for existing U.S. housing stock.

A third normdized leskage area was ads0 used: NLpase. This “base” leskage area is
cdculaed to meke irfiltration suffident to met the minimum whole-house tota
ventilation rate required by Standard 62.2P. It is derived from the annud effective ar
change rate calculation of ASHRAE Standard 136 (1993) and is given by:

— 732 >Qtot,62.2

NLbase -
W A,

Equation (1)



This normdized leskage area is climae dependent, because the annua factor W
varies with location in the United States over a range of about 0.57 to 1.21 (ASHRAE
1993). Occupancy dso implicitly influences this leskage, because Qiote22 depends on
occupancy. This “bass” leskage can be larger or smdler than the normdized leskage
typicd in new condruction (NLpew). We have chosen this “base” leve as an idedized
system that just happens to provide exactly the right amount of leskage. It is Smply used
a a compaison point rather than representing an achievable desgn or redidic
configuration.

To scde wind data from arport messurements to the building gte, the infiltration
mode requires terrain and shidding information.  All the houses were assumed to be
located in suburban terrain with some scattered obstructions within two house heights.

VENTILATION STRATEGIES

Overview

Three whole-house mechanicd ventilation drategies were modded in this sudy.
Two of these involved systems that operated continuoudy: a centra exhaust-only system
and a balanced heat recovery ventilator sysem. The third drategy involved a forced-ar
cycler system, which operated intermittently.

These three drategies were compared againg a "no fan" drategy that used infiltration
to generate an equivdent ventilaion. For some of the tightest configurations this
drategy would not meet the intent of 62.2P as we defined it. Those configurations were
removed from the andyss. In every strategy, windows were always closed.

Each draegy included locd mechanicd exhaust ventilaion that met the minimum
loca ventilation requirements of Standard 62.2P. a 100 cfm kitchen fan operating each
day from 17:00 to 17:30, a 50 cfm master bathroom fan operating each day from 06:00 to
06:30, and a 50 cfm bathroom fan operating each day from 07:00 to 07:30. A 250 cfm
clothes dryer operating once aweek from 20:00 to 21:00 was also included.

Whole-House M echanical Ventilation Characteristics
Centrd Exhaust-Only System (EXH)

This drategy represents a continuously-operated unbalanced mechanicd ventilation
gysem that is separae from the centrd HVAC system. Makeup ar for the exhaust flow
was provided through leskage openings in the building envelope.

The exhaugt flow was szed equad to the required whole-house mechanicd ventilation
rae (Qran). The exhaust fan power was 0.6 Wicfm of its flow (Sherman and Matson
1997). Fan energy corresponding to the ventilation-related thermd load on the centrd
gpace conditioning sysem was accounted for assuming the centrd-system fan power was
0.5 Wicfm of its totd supply flow (Phillips 1998), which was caculated based on 400
cfm/ton of pesk cooling capacity. Appendix A describes the fan energy caculation in
more detail.

Heat Recovery Ventilator Sysem (HRV)

This drategy represents a continuously-operated balanced mechanicd  ventilation
system that is dso separate from the centr HVAC system. It has supply and exhaust
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flows, which were szed equd to the required whole-house mechanica ventilaion rae
(Qran)-

Totd fan power for the HRV was 1.1 W/cfm of its bdanced flow. This vadue is an
average derived from HRV fan power and airflow data provided by HVI (1997). Fan
energy asociated with the ventilationrelated therma load on the centra gpace
conditioning sysem was cdculated in the same way as for the centrad exhauds-only
sysem.

HVI (1997) publishes heat recovery effectiveness and efficiency data, which depend
on device type. Usng these daia dong with the definitions of effectiveness in CSA
Standard C439 (1988), the average sensble and tota heat recovery effectivenesses for
sensble and total heat recovery devices were cdculated. For the sensible devices, the
average sensble and tota heat recovery effectivenesses were 77% and 15% respectively.
For the total devices, these vaues were 79% and 49% respectively. Heating and sensble
cooling load cdculations used sendble effectiveness, cooling load caculations with
latent loads used total effectiveness. Sensble heat recovery devices were used in nort
humid climates; total heet recovery devices were used in humid climates.

Forced-Air Cycler System (FAQC)

This drategy represents an intermittently-operated unbalanced mechanicd ventilation
sysem. The system has a duct from outdoors that connects to the return duct of the
centra forced-air space conditioning sysem. Outdoor ar flows through this duct due to
return duct suction whenever the system blower operates. The outdoor air and return air
ae mixed together within the return duct. A controller turns on the blower whenever
therma demands are inaufficient to cause the sydem to run a set minimum time in any
one-hour period. In our study, this minimum run time was 20 minutes per hour.

The intermittent outdoor airflow was sized usng the method described by Rudd and
Lstiburek (1999). Assuming the blower operates a its minimum run time of 20 minutes
per hour, their 9zing equation has the form:

2 0 :
Qrac = B@tot,GZ.Z - g)chedit; Equation (2)

This intermittent airflow is equivdent to a continuous mechanica ventilation rate of
Qran Over the 60 minute period associated with the 20 minute blower run time.

Each hour’s actual outdoor airflow was based on the actud run time of the blower in
that hour, but at afraction of the forced-air outdoor airflow “sze’;

Qsupplyi = Qrac ‘MaX(ttraci, 20/60) Equation (3)

For each house, therma demands on the space conditioning system were evauated
usng the DOE21E hourly energy Smulation program.  The output from these
amulaions was a st of 8,760 hourly thermd part-load factors. Each part-load factor
represents the fraction of an hour (traci) that the sysem had to run to meet the load
imposed upon it by the house therma demands. Fan energy associated with operating the
system blower was cadculated in the same way as for the centra exhaust-only and HRV
systems.



CLIMATES

The severity and wetness of United States climates were categorized using infiltration
degree days (ASHRAE 1994) and using typica-year frequency digtributions for outdoor
wet-bulb temperatures. Severity classes were defined as. mild, less than 3500°Fdays
(3000°C-days); temperate, 5400 to 8100°Fdays (3000 to 4500°C-days); and severe. The
severe climates are cold, except for a smdl hot region near the southern Gulf coast of
Texas. A humid climate was defined as one with outdoor wet-bulb temperatures of at
least 67°F (19°C) for a minimum of 3500 hours or of at least 73°F (23°C) for a minimum
of 1750 hours, during the warmest six months of atypica yeer for that climate.

Figure 3 shows the didribution of these climates in the continenta United States and
the locations of 20 of the 22 cities we used. The two cities not shown are Honolulu (mild
humid) and Anchorage (severe dry). Typicd-year representative westher data were used
in the hourly smulations for each of these 22 cities. For dl but one of these cities, these
data were in TMY-2 format. Climae Zone 9 daa from the Cdifornia Energy
Commission were used for Pasadena. Each westher file included 8,760 hours of outdoor
temperature, humidity ratio, wind speed, and barometric pressure data.

Figure 3: Continental U.S. Climate Regions and L ocations of 20 Selected Cities
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FUEL PRICES

To determine energy costs associated with  providing whole-house  ventilation,
satewide-average resdentid eectricity and natura gas prices for the last complete year
of data (1997) were used in our study (EIA 1998, 1999h).

RESULTS

A large number of different configurations were examined. Except for many new
houses with infiltration adone (no fan), each configuraiion met the minimum ventilation
requirements of ASHRAE Standard 62.2P. We eected to use ventilation operating cost
per unit floor area as the metric to compare the various options. The ventilation operaing
cod is the totd of the energy cods related to (1) infiltration and mechanical ventilation:
related space conditioning energy consumption, (2) ventilation fan energy consumption
and (3) centrd sysdem fan paradtic energy relaed to the infiltration and ventilation
related space conditioning loads. The ventilation operating cost metric has the advantage
that it combines the impact of two fud types together. Different srategies have different
impacts on the heating fudl (gas) compared with te dectricity necessary to power fans or
ar conditioning.

Normalizing by floor area dso adlows us to compare houses of different Szes.
Although the required ventilation depends on the number of bedrooms and on house size,
this metric greatly reduces the scatter of the data. Figure 4 shows the mean costs as a
function of climae, leskage leve, and sysgem type for the configuraions that met the
intent of Standard 62.2P.

Figure4: Mean Annual Ventilation Operating Cost
per 100 Square Feet of Floor Area

M Forced Air Cycler System (FAC)
® Heat Recovery Ventilator System (HRV)
| Central Exhaust-Only System (EXH)
O No-Fan (INF)
60
) Mild Temperate
Mild . Temperate . Severe
Humid Humid
50
|
v
. . J
)
e
QP 40 4
o 0o ¢ 0
g u o
@
°
8 30 u
— |
o o
g = []
— °
@ [ ] [ ™ [ [ ]
@ 20 [ { < = = [ |
3 ] o|® n ° .|
¢ o - e © z
*
° 0
3 0 P °
10 ; U
Y 0
0
. 10
z 0 X = 0 x = 0 X = 0 X = 0 X
2 8 8 2 s 32 8 8 2 8 2 2 8 ¢



The results vary by cdimae, but in a rdaivedy predictable way within each cdimate.
Therefore, for each of the 144 configurations in each climate, if we subtract out the no-
fan base leskage case, we can then summarize al the data in asingle table. Table 1 is the

mean difference (and dandard deviation) of a particular drategy from our idedized, no-
fan, base-1eakage case.

Table 1: Incremental Costsfrom No-Fan Base L eakage Case ($/100 ft?) 3

No-Fan Exhaust Heat Recovery  Forced-Air Cycler
L eakage (INF) (EXH) (HRV) (FAC)
Base 0 3.96 (+1.88) 5.98 (£2.96) 10.17 (£2.89)
New -0.56 (+1.77) 1.29 (+1.62) 2.48 (+1.92) 7.43 (£2.48)
Stock 18.50 (+8.65) 21.33 (+8.51) 24.43 (+£9.10) 28.57 (£7.98)

There are severd clear trends in both Figure 4 and Table 1. As expected, the leakier
the house, the higher the energy cost. Although the ventilation systems stay in the same
order (INF, EXH, HRV, FAC) from lowest to highest leskage in mean operating costs,
the sandard deviaions are large enough that this may not be true for a particular
configuration.

As Figure 4 shows, the no-fan, base-leskage cases vary by climate. To cadculae the
mean annud operaing cogt in a paticular cimate, add the mean incrementa vaues in
Table 2 to the respective mean vauesin Table 1.

Table 2: Ventilation Operating Costs for No-Fan Base L eakage Case ($/100 ft?)

. Mild Temperate
Mild Hurrid Temperate Hurmid

788(¥305) 1596 (£6.25) 10.13 (¥4.42) 16.18(x5.79) 12.73 (x4.91)

Severe

DISCUSSION

Our results focus on the energy cost impacts of meeting Standard 62.2P. Since this
Standard provides a minimum set of requirements, there are additiond consderations and
vaue-added festures that one might wish to consider. We mention some of them below.

8 Many new houses do not meet the intent of the Standard by infiltration alone. Only configurations that
met the intent of 62.2 were included in this average.
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Sour ce of Ventilation Air

Standard 62.2P does not specify the source of air that provides the ventilation nor
how the ar enters the house. Therefore, in terms of energy performance, we made no
diginction based on the source of ventilation air between the sysems we andyzed. This
means that our operating cost results for a centrd exhaust-only sysem adso represent
those for a central supply-only sysem.

However, there are some ar qudity didinctions between the systems we anayzed.
QOutdoor air is introduced a a sngle controlled location for forced-air cycler and hest-
recovery systems, which dlows more control of the arr qudity. In contrast, for central
exhaust sysems or for infiltration, outdoor ar can enter the house through leskage
pathways, which do not provide a good opportunity to control the qudity of the
vertilation ar.  While pulling ar through the building envelope may provide some heet
recovery and some filtration, we haveconcerns about the |AQ impacts of such a system.

System Comparisons
Central Exhaugt-Only System

This sysem proved to be the best overdl mechanicd ventilation sysem in terms of
operating energy cost. When integrated with a bathroom fan, it can dso be among the
cheapest first cost options.

There are saverd condderdtions that may meke exhaust systems less dtractive.  In
hot humid dimates, they can pull moist outdoor air into the building envelope, which can
cause condensation problems. As the exhaust fan is centrdly located, it depends on
digtributed leskage to insure that exhaust is drawn from throughout the house. With
extremely tight envelopes, ether an HRV or a supply system might be preferable to avoid
depressurization problems.  Alternatively, envelope leskage may need to be increased by
inddling passve inlets to keep excessve depressurization from causing problems.
However, the fixed infiltration credit in Standard 62.2P does not recognize the increased
infiltration, energy consumption, and cods that will result from adding the passve inles.
As mentioned earlier, exhaust sysems pull ventilation ar through lesks and the qudity of
that air cannot be controlled.

Heat Recovery Ventilator System

In terms of operating cods, the HRV system was significantly better than the forced-
ar cyder sygem, and dightly worse than the centrd exhaust-only system. This laiter
ranking can probably be atributed to high dectricd consumption of the HRV, caused by
usng two fan motors and some defrosting. That consumption pendty was offset by
reduced ventilationrelated thermd losses, but not sufficiently. The later ranking could
be much different in cold dimates with more expensve heating, such as with dectric
heeting or higher gas prices.

Given the much higher firg cost of the HRV sysem compared to a centrd exhaud-
only system, an HRV is not likely to be sdected based on operating cost consderations
done. For example, it might be used in house configurations for which a centrd exhaudt-
only system is ingppropriate due to issues such as moisture, filtration, or depressurization.
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Forced-Air Cyder Sysem

The forced-ar cycler sysem can be very inexpendve to ingdl, but was the worst
option in our operating cost comparison. The basic reason was that the air handling unit
supplied excess ventilation ar during exdtreme weather periods and ran frequently to
supply ventilation during periods of mild wegther.

Whenever the air handler operated, its totd flow was from 15 to 40 times larger than
the required ventilation rate.  When ventilation done was required, our smulaions
indicated that the ar handler ran from 16-22% of the time. Thus the fan eectricity
atributable to ventilation was much grester for this sysem than for a continuoudy-
operating ventilation-only system.

This excess vertilation flow during extreme periods could be mitigated by a
motorized damper and excessive fan power could be mitigated by a variable-speed drive.
Although these options were not analyzed, we expect the performance of such a system
would approach that of the central exhaust-only system. However, its first cogt pendty
could be prohibitive.

There are non-energy issues to be consdered with the forced-air cycler system as
well. On the plus Sde, of the strategies we considered, it was the only one that provided
podtive ar digribution in every three-hour block. On the negative Sde, in some
climates, the ventilation-only cycling of the ar handler may cause comfort problems to
the occupants. Furthermore, in cold climates, supply sysems such as this are not
generdly recommended, because they tend to push moist indoor ar into the building
envelope, which can cause condensation problems.

No-Fan (Infiltretion)

For any leskage levd, it is obvious the energy and first costs of having a mechanica
vertilaion sysem will be higher than not having one. Mog of the exising building stock
is aufficiently lesky that the intent of Standard 62.2P can be met without usng a whole-
house mechanicd sysem. Fallure of the Standard to take into account actud infiltration
levels can lead to ingppropriate system designs.

CONCLUSIONS AND RECOMMENDATIONS

Our conclusons and recommendations are based on the representative configurations
we choe and ae intended to be generdly correct for North America  Specific
circumstances may be quite different, especidly if fuel codts are Sgnificantly different.

New Construction

Most new condruction is tight enough that infiltration will not provide sufficient
ventiletion.  The margind energy codts to provide ventilation with a centra exhaust-only
sysem in a typicad new house would be on the order of 50¢ per day. This can be
compared to an infiltration-only cost of $2 per day to condition the ar in a typicd
exiging house.

In most cases, the firgt choice of mechanicd systems is a centrd exhaust-only system.
It has low firs cost and minima operating cos. In most cases, builders will dso prefer
the centra exhaust-only system because of its low firs cost and ease of inddlaion. In
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hot humid dimates or if the enveope is exceedingly tight, either an HRV or a supply
sysem might be preferable to avoid depressurization problems.  In cold climates with
high hesting cogts, an HRV might be more cost effective.

Retrofit Applications

Mogt of the exising stock is aufficiently lesky that the ventilation rate from
infiltration done would satify the intent of Standard 62.2P with respect to whole-house
raes. If fan pressurization tests of the building envelope confirm that the leskage is
aufficiently above the base level, we do not recommend the addition of a whole-house
gysem. In fact, for much of this stock, the building envelope can be tightened to reduce
energy codts and gl provide adequate ventilation through infiltration.

Currently, Standard 62.2P does not adlow an infiltration credit kased on measured air
tightness. If this Standard is to be gpplied in retrofits, we believe that it is important to
dlow this credit so that mechanica systems can be downsized or diminated.
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LIST OF SYMBOLS

Conditioned floor area[ft?]

Furnace annud fud utilization efficiency [0.78]

Heat capacity of air [0.240 Btu/(Iby, °F)]

Cooling system coefficient of performance [3.18]

Electricity unit price [$kWh]

Gas unit price [$therm]

Annud cooling energy consumption [kWh]

Annud energy cost associated with ventilation [$]

Annud dectrical consumption of fans[KWh]

Annud hegting energy consumption [therm]

Free heat dueto interna and solar gains, as afraction of annua space
heating load (Huang et d 1998)

Indoor enthapy at 75°F and 50% rdaive humidity [Btwlbm]
Outdoor enthalpy in hour i, based on outdoor temperature and humidity
ratio for that hour [Btu/lbpm]

Hour of year [-]

Normalized leskage area defined in ASHRAE Standard 119 [-]
Sengble cooling load for hour i [Btw/h]

Tota cooling load for hour i [Btu/h]

Infiltration credit [cfm]

Required whole-house mechanicd ventiletion rate [cfm]
Forced-ar cyder maximum arflow [cfm]

Sensible hesting load for hour i [Btu/h]

Infiltration rete from the LBL infiltration modd in hour i [cfm]
Larger of tota supply and totd exhaust arflowsin hour i [cfm]
Smdler of totd supply and totd exhaust airflowsin hour i [cfm]
Forced-air cyder duct arflow in hour i [cfm]

Actud totd ventilaion ratein hour i [cfm]

Minimum-required whole-house totd effective airflow rate [cfm]
Fractiona ontime of space conditioning syssem in hour i [-]
Annud tota fractiond run time difference of blower [-]
Temperature deadband between heating and cooling [6.3°F]
Indoor heating setpoint temperature [66° F]

Outdoor temperature in hour i [°F]

Weather factor defined in ASHRAE Standard 136 [ach]

Heat recovery effectiveness[-]

Density of air [0.075 Ib/ft’]
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APPENDIX: VENTILATION, ENERGY, AND COST
CALCULATIONS

Hourly Ventilation Rate Calculations

In our study, the actud hourly infiltraetion rates throughout the year were caculated
by a modified verson of the RESVENT computer program developed by Sherman and
Matson (1993, 1997), which uses the LBL infiltraion modd (Sherman and Modera
1984). RESVENT then superimposed each hour’s infiltration rate with the corresponding
mechanicad whole-house and locd ventilation rates to cdculate the actuad hour by hour
ventilaion rate Qo i:

Qe :\/Qiif i +(Q|,i - Q;; )2 +Q, Equation (A1)

Equation Al differs from the analogous superpostion equation that is presented in
Section 4.4 of ASHRAE Standard 136 (ASHRAE 1993). The equation used here is
assumed to provide better estimaes for the combination of infiltration with unbaanced
and balanced ventilation flows (Sherman 1992).

The actud hour by hour rates Qi Were used as input for the effective ventilaion
modd of Sherman and Wilson (1986) to determine the hour by hour effective ventilation
rates. Each of the ventilation drategies studied dways provided adequate ventilation,
because each draegy was developed to just comply with the minimum whole-house
ventilation requirements of Standard 62.2P.

Annual Energy Consumption Calculations

Ventilation-related energy consumption has two components. One is related to the
energy loss or gan caused by hegting or cooling the ar that enters the conditioned
gpaces. The other is the paraditic energy demand imposed by fan operation, both for the
ventilation system and the space conditioning system.

Annuad ventilaionrelated space conditioning loads and energy consumption were
cdculated usng the methodology outlined by Sherman and Matson (1997). In summary,
the energy used to heat or cool ventilation ar depends on the ar mass flow rate, the
indoor-outdoor enthapy difference, and the heat recovery effectiveness. Using these
parameters, we firsd determined the ventilation-related loads on the space conditioning
system for each hour of the year. Then, usng the sum of these loads over the entire year,
the ventilaionrelated annud space conditioning energy consumption was determined.
Equations A2 through A6 describe these caculations.

Qheatingi = 60T Qoti Cp (Theating — Tout,i) (1-Erecovery) Equation (A2)
Qcoolingsensiblei = 60T Quoti Cp [ Tout,i = (Theating = Tdeadband)] (1-€recovery) Equation (A3)
Qcoolingtotali = 60T Qrot,i (Nout,i - hin) (1-€recovery) Equation (A4)

& 1-FH,. U %o .
Ereatingannual = &5 = A Qreating Equation (A5)

€1000xAFUEY <
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Z ~ 8760
=€ 1055 Uxé MaX(QcooIing,sensibIei ’Qcooling,total,i) Equation (A6)

cooling,annual — gma -

The fan energy directly associated with ventilation can be subdivided into two
components.  One component is the energy for the ventilation fans that move air across
the building envelope. The other component is the fan energy of the forced-ar system
blower that delivers the ventilationrelated space conditioning energy within the house.

E

For the centrd exhaust-only and heet recovery ventilator strategies, the fan energy to
move the ventilation ar across the building envelope was equd to the ventilation fan
power multiplied by the total run time over the year (8,760 hours) for each of the whole-
house and locd ventilation sysem fans. The only fan energy separate from the centrd
forced-ar sysem for the forced-air cycler srategy was due to the operation of locd
ventilaion fansin that Srategy.

For dl ventilation drategies, the centra forced-ar sysem blower operated
intermittently rather than continuoudy. The fan energy associated with operating the
centrd HVAC sysem blower due to themd loads caused by ventilation (including
infiltration) was equd to the blower fan power multiplied by the tota run time associated
with those loads over the year. For hedting, that run time was estimated as the tota
ventilation heeting load over the year (Qneatingi) divided by the heating system capacity;
for cooling, the tota ventilation cooling load over the year Qcooling totari) and pesk cooling
system capacity were used instead.

For the forced-ar cycler draegy, there was dso fan energy associated with
ventilation (including infiltration) during hours when there was no thermd load, because
the ventilation sysem controller sometimes caused the central forced-air sysem blower
to run during these hours. The fan energy associated with operating this blower due to
ventilation in these hours was equd to the blower fan power multiplied by the number of
these hours, which was calculated as.

8760é 20 G\J )
trun annual — 8760 = AMaX%;_' t raci U Equatlon (A7)
annual Iazl g g 60 e IZH

Equation A7 only accumulates differences for hours when house thermad demands,
including those related to infiltration and loca ventilation, would have caused the blower
to run less than 20 minutes per hour in the absence of the forced-air cycler srategy.

Annual Energy Cost Calculations

The energy cods associated with ventilation depend on the amount and price of
energy consumed to provide the ventilation:

Ecost = Eneatingannual * COStgas + (Ecooling,annual + Efansannual )* COStetec Equation (A8)
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